Using computer simulation we study the dynamics of dust particles in an rf discharge considering the mutual influence of the dust component and plasma. Simulation of the discharge is carried in the frame of the two-dimensional model by PIC/MCC method. To describe the motion of particles it is used molecular dynamics method, which takes into account the main factors influencing the behavior of dust particles (electric and gravitational forces, the forces of friction with the ions and neutrals). The simulation results have shown that dust particles are trapped in locations where the forces acting on them are balanced. The equilibrium configuration of particles studied depending on their size and different pressures of neutral gas in microgravity conditions, and under laboratory conditions. It is shown that dust particles lead to a decrease in the jump of the mean potential in the electrode layers and a sufficiently large particles can significantly alter plasma parameters in the discharge. PACS: 52.27.Lw.
INTRODUCTION
Particle contamination during plasma processing of semiconductors is known to be a significant contributor to reductions in product yield. Particles can charge negatively in a plasma and trap in minima of combined gravitational and electric potential fields, forming dust clouds [1] . There have been many experiments on fine particles, which have clarified various interesting features of fine particles in plasmas. Strong interactions of dust particles and the openness of the system lead to selforganization and 'structurization' of initially homogeneous dust clouds into a complex aggregate of dissipative dust structures and dust voids, with sharp boundaries between them [2] . These structures become quasi-stationary within short time scales and they are determined by a limited number of parameters controlling the structure. Here, we are interested in shape and structure of fine-particle clouds, namely the effect of particulate size on the spatial distribution of dust in a plasma environment is investigated through the simulation of a dust transport model coupled with plasma model.
MODEL
A two-dimensional RF discharge is considered between two plane electrodes separated by a gap of V sustains the RF discharge. The PIC/MCC method is used to describe this discharge [3] . In the frame of Monte-Carlo method we take in account elastic collisions of electrons and ions with atoms, an ionization and excitation of atoms by electrons, the charge exchange between ions and atoms.
Using a Lagrangian approach, the individual particle trajectory is tracked by solving the following force balance equations for each particle:
where p r r and p u r are the particulate position and velocity, respectively. , , ,
F F F F r r r r are the forces acting on the dust particle due to gravity, electric field, ion drag and neutral drag, respectively [4] . In the calculation of such forces, dust particles are assumed to be spheres. The gravitational force acting on a dust particle is given by ( )
where p d is the particulate diameter; p ρ and f ρ are the densities of the particulate and neutral fluid, respectively, and g r is the gravity.
Particulates in a plasma quickly become negatively charged to retard electrons which are much more mobile than ions, and then experience the electrostatic force
q is the charge of the particle. The ion drag force results from collisions with the ions, which give rise to momentum transfer. The ion drag force has two components, the collection force and the Coulomb force. The former can be written as 
which is a consequence of the condition 0
Here e I and i I is electron and ion currents on a dust particle in the case of Maxwell distributions of electrons and ions, d ϕ is the dust particle potential relative to plasmas.
Dust grains influence the potential of the electric field φ , which is described by Poisson equation
n is the dust density. It is seen that dust particles form clouds in the form of a ring. In the first case (Fig. 1, a) most of them are located above the lower electrode due to the influence of gravity. However, some particles levitate under the upper grounded electrode, forming a chain of equally-spaced particles. Under microgravity conditions particles are distributed uniformly in the ring, but some particles are collected in the center of the ring. The reason for the formation of structure in the form of a ring is the ion drag force, which is due to flow of ions from the center of the discharge chamber to the electrodes and the side walls. This force balances the electric force directed from the walls, as a result dust clouds are formed represented in Fig. 1 . We carried out test calculations of dust particles dynamic under microgravity conditions without taking into account the ion drag force. Results show that dust particles are collected in the center of the chamber and the void is not formed.
SIMULATION RESULTS

Fig
In Fig. 2 electric potential distribution is shown for case depictured in Fig.1,b . We can see that dust cloud disturbs the plasma potential so that the electric force pushes the dust particles. Thus dust particles oscillate at the boundary of the rf sheath. Fig. 3 shows spatial distributions of the ion dinsity in discharge along perpendicular direction to the electrode under the center of the chamber. We can see that dust particles cause the ion density increasing in the discharge. Besides, on the dust clouds boundaries ion density peaks are formed.
The reason of this phenomena is the increasing of ionization rate to support the discharge. The increasing of plasma density causes to the increasing of the discharge current
CONCLUSIONS
Results of simulations show that dust clouds in the form of ring are formed in the discharge chamber. The void in the center of the chamber is caused by the ion drag force.
It is shown that plasma density is increased in the presence of dust particles due to the increasing of the discharge current, but potential drop is decreased at that. This work was supported by joint NASU-RFFR grant.
